Math Xb Spring 2002

Homework Assignment 7. Solutions

Some ofthe important informatiorior OxyContin’* given in thehomework assignment
included the following:

The text of the packet insérjoes on tagive the elimination half-lifé of
oxycodone (on average, it is 3.2 hours) and the suggested dosagablene
every 12 hours).

1. In the homework assignmengpu were asked to find an equation to represent
oxycodoné plasma concentration in a patient. The patient had been given a tablet of
OxyContirt’ that quicklyraised oxycodone plasma concentration to 20 mg/100ml.
The half-life of oxycodone in the human body is 3.2 hours. That is, evetyo8r3
the amount ofoxycodone inthe body (and hence theoxycodone plasma
concentration) willhalve. This suggestshat an equation similar to the exponential
functions used to represenaidioactive decay iMath Xa would be appropriate to
represent thexycodone plasma concentrationtbé patient. The initiadalue will
be 20 mg/100ml.

Lett represent the number bburssince a patient wagiven anOxyContirt’ tablet
andM(t) represent the oxycodone plasma concentration. Then:

M(t) = 20 [Q%)s*z = 20({0.805245166).

2. To obtain theoxycodone plasma concentratitwelve hours after the patient was
given theOxyContin’ tablet, you can substitute = 12 into the equation from
Question 1. This gives an oxycodone plasma concentration of:

M(t) = 20 [f2)** = 20 (0.805245166)? = 1.4865 mg/100m.

3. A possible graph of oxycodonglasma concentration verstisne is shown in
Figure 1below. Note that the places where tiggaph“jumps up” correspond to
times when the patient receives a n@xyContin’ tablet, whichincreases the
oxycodone plasma concentration by 20 mg/100ml. Note thsb“‘open” and
“closed” dotshavebeenused toindicate theend-pointswhere thegraph“jumps
up.” Which end-points should be open and which end-points should be closed is a
matter of debate.You will not be penalized ifyou reverse the locations of the

1 OxyContirt’ is a registered trade mark of Purdue Pharma L.P. Any reference to OxyGorthiis

document that doewot include the symbdll reflects an omission of this symbol in the original document
quoted.

2 Source: http://www.purduepharma.com/IP/Oxycontin.html

3 This is the amount of time that it takes for a person’s body to eliminate half of the amount of oxycodone
present in the body. This is a lot like the “half life” in a radioactive decay problem.

* Oxycodone is the active ingredient in the prescription medicine OxyContin



“open” and “closed” end-points.The only thingthatyou might be penalized for
is making all of the end-points “closed” end points, which would prevent
oxycodone plasma concentration from being a function of time.
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4, The completed table is shown below.
Time since 0 12 24 36 48 96 144 192
OxyContin’
treatment
started (hours)
Oxycodone 20 21.486 | 21.596 | 21.605 | 21.605 | 21.605 | 21.605 | 21.605
Plasma 5 7 2 8 8 8 9
Concentration
(mg/100ml)

The entries that couldot be obtained fronthe graphwere calculatedusing the
summation formula for a geometric series. To see thaswvas doneconsider the
following table whichshows how the oxycodone plasma concentrati@an be
expressed as a function thie number ofOxyContin’ tablets that the patient has
taken.



Number of Oxycodone plasma concentration
OxyContir’ (mg/100ml)
tablets taken

il 20

2 20 + 20(0.074325)

3 20 + 2000.074325) + 200.074325)

Z 20(0.074325) + 2[0.074325) + 20(0.074325)

The pattern that seems to be established here is that immediately after the patient has
taken theN™ OxyContirt’ tablet, the oxycodone plasma concentration is given by:

_2 1.~ (0.074325)"]

20 + 20 [0.074325) + 20 [10.074325)* + .. + 20 [{10.074325)" ™
1-0.074325

5. If the OxyContin' treatment is continued indefinitely, then this could be represented
mathematically by imaging that theumber ofdoses of OxyContin given to the
patient, N, is a verylarge number. The largegtossible oxycodoneplasma
concentration will be obtained Bs— o. To establish whether or notpatient who
continues tdake anOxyContin’ tablet every 1hours for anindefinite period of
time is atany risk of exposure to lathal dose ofoxycodone, we canselimits to
determine what thexycodone plasma concentration thé patientwill eventually
end up being.

To do this, we leN — « in the equation:

2011~ (0.074325)"]
1-0.074325

Oxycodone plasma concentratien

The only part of this equation that is influenced by the valu¢ isf the terms in the
numerator:

(0.074352).

As N - oo, this gets closer and closer to zero. Therefleeemaximumoxycodone
plasma concentration that the patient is exposed to is:

Maximum oxycodone plasma concentratienL = 21.60586557 mg/100ml.
1-0.074325



According to the homework assignment, the letlwale of oxycodone isstimated
to be betweeri00 mg/100ml and200 mg/100ml. As21.6058mg/100ml is far
beneath this range, the patient should be perfectly safe.

Extra Credit:

The most sensitive individuals (tmxycodone poisoning, at leastjll experience
oxycodone poisoning and (possibly) respiratory arkglsén their oxycodone
plasma concentration reaches 100 mg/100ml.

Let M, represent thexycodone plasma concentratithat anOxyContir’ tablet is
designed taleliver. Based onthe work inQuestion 5the maximumoxycodone
plasma concentration that a patient wowdentually beexposed to if one
OxyContin’ tablet is taken every 12 hours is:

_ . M,
Maximum oxycodone plasma concentraten——7———.
1-0.074325

To find outwhat the minimumlevel of oxycodone plasma concentratitimat an
OxyContin’ shoulddeliver inorder toeventuallycause dethal oxycodone plasma
concentration, you can set this expression equal tarifJ000ml| andsolvefor M,
Performing this calculation gives:

M, =100 [{1-0.074325) = 92.56745 mg/100m.

Purdue Pharma L.Rvarn physiciansnot to prescribe thé1, = 80 mg/100ml and
M, = 160 mg/100ml OxyContinto patients who are not opioid tolefant

There seems to be clear reason for this policy in the caseMf, thel 60 mg/100ml
OxyContin’ - if given to a patient who isot opioid tolerant, the patientil
eventually accumulate a lethal oxycodone plasma concentration in their body and get
into serious medical problems, possibly including death due to respiratory arrest.

The warning on thé1, = 80 mg/100mIOxyContin’ is probably an effort on the

part of Purdue Pharma L.P. tieave areasonable margifor error. Although
according to these calculations there is (in theory) no danger of accumulating a
lethal oxycodone plasma concentration in thbody when M, = 80 mg/100ml
OxyContin’ is prescribedeven to anopioid intolerant patient, it should be
remembered that the lethdbse isestimated | doubtthat Purdue Pharma L.P.
wants anyone to die as a result of @ryContit’ prescription, so theyhave
included a margin for possible error taarning physicians not to prescridbe M,

= 80 mg/100miOxyContirt’ to anyone who couldonceivably accumulate a lethal
oxycodone plasma concentration in their body.

® Source: http://fash.xanthia.com/ The oxycodone plasma concentrations given are for people who are not
accustomed to opiates. For people who are tolerant of or accustomed to opiates, these lethal doses may be
higher. This dosage is called the LD-50. “LD-50" stands for “Lethal Dose 50%” which means the dose at
which 50% of people who were exposed would be expected to die. This figure is estimated because the
FDA generally does not permit clinical trials in which a pool of patients are exposed to steadily higher

levels of the substance until 50% of them are dead.

® Source: http://www.purduepharma.com/IP/Oxycontin.pdf



